The aim of this paper is mainly a methodological one. We used individual-level retrospective data from the Italian Fertility and Family survey, based on the information provided by respondents. Linking individual-level data with geographical characteristics of the community, we …rstly used non-parametric methods, and in particular the bi-dimensional LOESS (Locally weighted regression) method, to build smoothed maps of the transition to …rst sexual intercourse. Secondly, we used a discrete-time multilevel event-history model (with logit speci…cation), allowing for the presence of unobserved heterogeneity at the municipality level. We used 'latitude', 'longitude', and dimension of the municipality as aggregate-level explanatory variables in the model. Thus, we could build spatial pro…les and a map, using predicted values for the logodds-ratio, and we could study cohort dynamics too. Our results con…rm that Italy is a heterogeneous country; when looking at age at the …rst sexual intercourse, women are more in ‡uenced by their context than men.
Introduction
The study of demographic events has traditionally been based on their empirical investigation over time and space. The central role of time (in particular of individual time expressed by age or other relevant duration variables, together with cohort and period) has been recognized by researchers, who developed classical techniques, such as life tables.
The development of more recent techniques that deal with individual-level time-to-event data, (i.e. event history analysis), has led to a specialized set of techniques of statistical demography. On the other hand, spatial aspects have occupied a peripheral position in formal and statistical demography, and even more so does the interaction between space and time.
Analyses of demographic phenomena across space, and the representation of such phenomena using maps, have substantially contributed to major research e¤orts in demography. The Princeton project (Coale and Watkins, 1986) extensively relied on maps to describe the dynamics of the demographic transition and to support explanatory ideas. As it has been pointed out by Lesthaeghe and Neels (2000) "maps produce good narratives, and these in their turn are valuable for theory formation as well". Thus, spatial analysis has had an important role in the development of key theories that explain demographic behavior. GIS packages, similar to those we exploit in this paper, provide unique features for drawing maps using low levels of geographical aggregation.
During the last twenty years, spatial statistics has developed into a specialized …eld, and several monographs have been published on this subject (Ripley, 1981; Diggle, 1983; Ripley, 1988; Cressie, 1993) . Most studies relate to epidemiology, and their authors make use of aggregate-level spatial data. The spatial analysis of (bio-)demographic data is another developing …eld (Sleegers and Goethals, 1993; Bocquet-Appel et al., 1996) . One of the key issues in this stream of research is the link between space and time (the latter is de…ned both in terms of societal time and individual time). The same link is discussed in epidemiologically-oriented demographic studies (see for instance Congdon, 2000) . For individual-level data, non-parametric or semi-parametric methods have been used (for a review see Diggle (2000) and the bibliographic references listed there).
The aim of this paper is mainly a methodological one. Using the most widespread set of statistical techniques used in modern demographic research, event history analysis (Courgeau and Lelièvre, 1989; Blossfeld and Rohwer, 1995) , we incorporated in our analysis a spatial approach. In event history analysis, the spatial correlation among individuals is sometimes taken into account insofar as space introduces a hierarchical structure to data. This idea is embedded in so-called multilevel models. In these models, correlation is allowed among units in the same area, but independence is assumed among areas. Examples of this approach include Steele et al. (1996) and Barber et al. (2000) for discrete time, and Boldstad and Manda (2001) for continuous time. A spatial, discrete-time event history model, that allows also for time-varying e¤ects, is developed within a full Bayesian framework by Fahrmeir and Lang (2001) , who use a uni…ed approach for Bayesian MCMC inference in generalized additive and semiparametric mixed models.
Given the importance of retrospective surveys in demography, we exploit Fertility and Family Survey data. We present an application to age at …rst sexual intercourse of Italian men and women. For behaviors such as …rst sexual intercourse, where Italy is a relatively traditional country according to Western standards, though large and relatively stable di¤erentials also exist betwen countries (Bozon and Kontula, 1997) . Cultural components such as social norms, religiosity, and long-standing family structures play a key role in shaping geographical di¤erences in the timing of the …rst sexual intercourse (see e.g. Buzzi, 1998) . The latter is a behavior for which the cultural heterogeneity of Italy can emerge from spatial analysis, with the possibility of crossing traditional administrative categorizations being an advantage. A south-north gradient is plausible at least for women, given that southern Italy is a rather traditional part of the country. To give an example, according to Cazzola (1999) , north-eastern regions have an estimated odds-ratio of 3.46 over southern regions, regarding to …rst sexual intercourse by the age of 19.
The methods we propose also allow for an investigation of the possibility that a spatial di¤usion process occurs. We form the hypothesis that new behavior, for instance sexual debut at an earlier age, follows a di¤usion process across space. We discuss this point explicitly when we analyze cohort dynamics.
The paper is structured as follows. After a brief description of the data (Section 2), we use non-parametric methods to draw maps of Italy based on the timing of the …rst sexual intercourse (Section 3). In Section 4, we use a multi-level discrete-time event history model in order to estimate a spatial pro…le by latitude and longitude. Section 5 outlines a societal time perspective by comparing large groups of cohorts Section 6 concludes the paper and suggests avenues for further research.
Data
We use individual-level retrospective data from the Italian Fertility and Family survey (De Sandre et al., 1997) . A total number of 4,824 females and 1,206 males, were interviewed, representing a cross-section of residents born betwween 1946 and 1975 . Among other questions on reproductive health, the respondents were asked about their age at …rst sexual intercourse (if they had any). The interviews were conducted between November 1995 and January 1996 and the age at …rst sexual intercourse was reported in completed years. A range of checks showed that the data quality was very satisfactory (Cazzola, 1999) , and the self-reported age at …rst intercourse has been shown to be a reliable indicator (Dunne et al., 1997) . In general, the data showed that …rst sexual intercourse in Italy takes place at a higher age than in other western European countries. The paper by Cazzola (1999) contains a detailed description of the data and some analyses.
In order to link individual data to the geographical context, we used the information provided by respondents who resided in a municipality for most of their time for the …rst 15 years of their life. Given that complete residential histories are not available from the survey, this method proved to be the best choice when studying …rst sexual intercourse.
It has obvious advantages compared to the alternative solution of using as a criterion residence at the time the interview takes place. Of course, we can neither be completely sure that the …rst sexual intercourse was experienced at the place of residence, nor do we know for sure that it happened after change of residence (if any). We linked the individual-level data with data of the municipality of main residence for …rst 15 years of one's life, using geographical coordinates (latitude and longitude) together with dimensional characteristics (population at the 1991 census).
We …rst built maps of the transition to …rst sexual intercourse, taking a non-parametric approach, which takes explicitly into account the geographical coordinates of the community. Essentially, this involves the application of two-dimensional smoothing techniques to the data of the survey, using a two-step procedure. In the …rst step, we compute estimates of the quantities of interest at the area level. In the second step, we use nonparametric smoothing techniques to build a visual representation of the geographical pattern of the process. Thus, the aim of our analysis is not to produce estimates at the level of small areas, but to draw maps that describe-in a consistent way-the di¤erences in the timing of the event under study across the whole country.
Methods
We considered two separate procedures, which provide two di¤erent indicators of the timing of …rst sexual intercourse. In the …rst procedure, we showed spatial patterns based on non-parametric estimates of the survival function. This approach is appropriate for the data available to us. For this purpose, and given the size of the sample, we computed aggregate measures. In particular, we computed the median age of the …rst intercourse for each Italian province (103 values). We then applied the smoothing techniques, by using the central coordinate of the province as the location for the nonparametric estimates. The estimated values were subsequently extended to each municipality, with the possibility of having di¤erent values for each province.
In the second procedure, we built our spatial patterns starting directly from data assigned to the geographical coordinates of the municipality. For each municipality, for which there is at least one case in the sample, we calculated the frequency of …rst intercourse below a given age. At this level it is impossible to compute the median survival level.
Consequently, frequencies for this indicator potentially ranged from 0 to 100% 1 . Subsequently, we applied smoothing techniques to obtain an estimated value for every Italian municipality. As for the ages selected, we used the median age (to the closest integer) for 1 The frequency of …rst intercourse below a given age was used in the analysis by Cazzola (1999). each sex, that is 18 years for males and 19 years for females.
In both cases we used the smoothing method LOESS (robust LOcally weighted regrESSion) (Cleveland, 1979) 2 . The estimator is based on the q points of the sample that are nearest to the currently estimated observation (with 1 · q · n where n is the sample size). A local polynomial of degree d is …tted using weighted last squares, where the nearest points are the most important ones in the computation of …tted values. The regression coe¢cients are estimated in order to minimize the following expression:
where w k (x) is derived from the suitable kernel function w(x), which weights observations according to their distance from the current point. This estimator is built by a iterative procedure that repeatedly down-weigthts outliers from the curve estimated in the previous step. In our application, we opted for a second order polynomial function. We used the so called 'tri-weight'function de…ned as
If^(x i ) is the vector of estimated parameters the estimated value for y i isŷ i = P d r=1^r (x i )x r i . The generalization to higher dimension surfaces is described in Cleveland and Devlin (1988) . In this case, the method gives a multivariate surface in p + 1 dimensions if p regressors are used. In a multivariate context a p-dimensional neighborhood must be selected in the predictor space. The selected points are the q nearest points to the pvariate point (x i ), relative to the i-th observation currently estimated . Once again, each point is weighted according to its distance ½(x i ; x k ) from the current observation by the weight function of the previous type. The metric used here is the usual Euclidean norm.
In this case also, the weights are obtained as w k (x i ) = w(½(x i ; x k ))=h i where h i is the distance from the p-variate point x i from its q-th nearest point 3 .
Results
The maps that result from our analysis are shown in Figures the spatial trend appears to be much less evident. Here we observed a more uniform distribution of early intercourse (or, of the lower median age) across the country.
In general, local features play a more important role for males than for females. In case of females, the traditional south-north gradient appears to be relevant. These results are in line with the expectations presented in the existing literature on this subject. Nevertheless, we shall keep in mind that because of the smaller sample size, the analysis for males su¤ers from a larger variability factor than the one for females.
FIGURES 1 AND 2 AROUND HERE
4 A parametric discrete-time event history spatial approach 4.1 Methods 3 In our analysis, we used the LOESS algorithms implemented in S-Plus 2000 (Venables and Ripley, 2000) . A feature of the algorithm is that predictions from LOESS are con…ned to the range of the data, both on the x and the y axis. We imputed out-of-range values with a spatial trend computed with a Generalized Additive Model (GAM). GAM is a type of nonparametric model widely used in the statistical literature (Hastie and Tibshirani, 1990) . GAM is a generalization of the Generalized Linear Model; the linear predictor is replaced by an additive predictor. In the case of p explanatory variables, a GAM model can be de…ned as
where the response Y is assumed to belong to the exponential family, ¹ = E(Y ) and g(x) is a regular function called link function.
In order to study the spatial pro…le of the hazard of …rst sexual intercourse, we used a multilevel (variance component) discrete-time event history model-belonging to the family of generalized linear mixed models (see e.g. Goldstein, 1995 and Steele et al., 1996) . We built a person-year dataset and we linked area-level spatial variables Given that the …rst sexual intercourse is a non-repeatable event, it is not possible to identify a variance component which represents unobserved heterogeneity at the individual level. It is nevertheless possible to identify such a component at the area level. This means that we can estimate at the area level the presence of unobserved factors which in ‡uence the timing of the …rst sexual intercourse. We use only spatial characteristics (including the size of the area) as area-level covariates, with linear splines for the speci…cation of their pro…le. We designed separate models for men and women.
The general formulation of the model we used is the following:
where: Y xij is the indicator for the …rst sexual intercourse at age x for the individual i in the area j, ® 0 represents the baseline log-odds-ratio, X k is the indicator for age class k = 1; ::; l with the lower limit x k and the upper limit x k+1 (with x l+1 = 1) and ® k is the log-odds-ratio of the age class k. Moreover we put:
5 Remember that the place of residence is constant across time because we can only use as a reference the …rst 15 years of an individual. P fk:¸k<Lj g¯k (min (¸k +1 ; L j ) ¡¸k): linear spline for latitude, with knots …xed at¸k (starting from the southern most point in Italy).¯k represents the slope between¸k anḑ k+1 and L j represents the latitude of area j; P
linear spline for longitude, with knots …xed at ¹ k (starting from the western most point in Italy).°k represents the slope between ¹ k and ¹ k+1 and M j represents the longitude of area j; P
linear spline for the population, with knots …xed at ¼ k . ± k represents the slope between ¼ k and ¼ k+1 and P j is the population (in the unit of thousands) of area j: Finally " j represents the random residual at the area level distributed
We used a full-likelihood speci…cation, which can be implemented by the aML package (Applied Maximum Likelihood) (Lillard and Panis, 2000) . Standard errors of the estimates are corrected using a Huber-type procedure (Huber, 1967) .
Results
In some of the speci…cations we …tted a subset of the model just presented. Models 1 and 2 (Tables 1 and 2) were designed, for both males and females, in order to see whether there is a signi…cant component of unobserved heterogeneity at the area level. In other words, we wanted to see whether space (and space-related determinats) matters for this behavior. The only other variable which we considered in these models is the age group.
As we expected, there clearly was an age trend, with a non-monotonic shape of the hazard reaching its maximum at ages 18 and 19 for males, and 20 and 21 for females. When we focused on unobserved heterogeneity at the area level (estimated in model 2), we gained some interesting insights. For males, the estimated standard deviation of " j is 0.24. It is di¤erent from zero only at the 5% signi…cance level, and the likelihood-ratio test rejects the model with unobserved heterogeneity (the p-value is 0.16). This result is consistent with the …ndings in the non-parametric part: spatially-related aspects play a less relevant role for men than they do for women.
In fact, when we analyze model 2 for women, the s.d. is estimated at 0.41. It is di¤erent from zero to with a p-value lower than 1%, which is also the case for the likelihood-ratio test. Having obtained our …rst results, we proceeded by using models with unobserved heterogeneity at the area model for females only. In what follows, mostly for reasons of comparisons, we continue analyzing males.
TABLES 1, 2 AROUND HERE
Spatial coordinates are used in models 3, 4 and 5 (the results are reported in Table 3 for males and Table 4 for females). In model 3, we considered only the south-north gradient, using latitude (which is believed to play the most important role); we then introduced longitude as a further dimension (model 4). In model 5, we checked our results, controlling for the size of the place of residence at the 15th birthday. 
TABLES 3, 4 AROUND HERE
In Figure 3 , we plotted the south-north pro…le of the log-odds-ratios for the hazard of …rst sexual intercourse for males, derived from model 5, and in Figure 4 the same pro…le is shown for the west-east direction. Figures 5 and 6 represent spatial pro…les for females. For reference purposes, we indicated over the plots the location of some cities. As it appeared from the non-parametric analysis, the south-north gradient is evident and it is important for females. For both males and females, the peak of the risk of …rst sexual intercourse is around the latitude corresponding (more or less) to the city of Rimini, with an odds-ratio of about 2.6 regarding the southernmost point. Much less variation is observed when the longitude pro…le is drawn.
FIGURES 3, 4, 5 AND 6 AROUND HERE
The advantage of the method we propose is that, by using spatial coordinates, we are able to draw maps using log-odds derived from the model. In Figures 7 and 8 we reproduced the maps of Italy from the model. The pictures we obtained are not far from the ones drawn, using non-parametric methods. The advantage here is that we used a full-information maximum likelihood approach, and parametric methods allow for more ‡exibility, e.g. control for time-varying covariates, also using standard existing packages which embed multilevel models. In our case, maps help to connect the results of the discrete-time event history parametric model to those of the non-parametric approach.
The south-north gradient for women, for instance, still clearly shows up, and for both sexes the peculiarities of the central-northern areas are visible.
FIGURES 7 AND 8 AROUND HERE 5 Cohort dynamics
We then focused our attention on societal change and split the data into two groups according to birth cohort. Given the size of the samples and the results of our past analysis (the low importance of space attributed to males), we performed this exercise for females only. The older cohort is composed of females born up to 1960, while the younger cohort consists of females born after 1961. We thus obtained groups that are almost balanced (46.6 % of the total female sample is in the older cohort). Cohort analysis is useful since it provides insight into the question whether behavior that is related to the …rst sexual intercourse is in ‡uenced by a spatial di¤usion process. Following the same path we used before, we then …rst analyzed the spatial aspects of cohort dynamics, using non-parametric methods in the same fashion as shown in section 3. Then we considered parametric event history models in order to study the contribution of the spatial coordinates to the explanation of cohort changes 4. In the last subsection, we also used a more detailed de…nition of cohort, in that we allowed for cohort trends.
Mapping cohort dynamics using nonparametric methods
As was the case for the full sample, we …rst performed an analysis based on the median survival computed aggregating data in provinces. We then carried out on an analysis based on the municipal frequency of 'early' …rst intercourse.
The maps in Figure 9 show the geographic shape of the median survival age for the older and younger cohort. Cut points are chosen to be equal to the ones to which we referred to in the case of the whole sample. These maps are thus directly comparable with map (A) in Figure 1 . The maps in Figure 10 show the geographic shape of the frequency with respect to the cut points used in the whole sample case. Thus these maps are directly comparable with map (A) in Figure 2 .
FIGURES 9 AND 10AROUND HERE
Across the whole country, a general shift to early …rst intercourse is visible. A remarkable stability is present in the south while in the center and in the north we observed a trend towards a behavior that is more homogeneous, which might be due to di¤usion processes. This process appears to start from the two poles of the extreme north east and Emilia Romagna. A similar and fast development takes place in the island of Sardinia.
The non-parametric analysis of cohort data thus provides evidence for a di¤usion e¤ect.
Parametric analysis of cohort dynamics
In this part we limited our attention to the di¤erential role of spatial coordinates in explaining variability at the time to …rst sexual intercourse at the cohort level. The idea is that, if a spatial di¤usion process underlies part of the observed dynamics, geographical coordinates should explain a larger share of the community-level variability (which also re ‡ects socio-economic and cultural factors).
We thus …tted separate models, formulated as model 4 in past analyses, for both cohorts. Results are presented in Table 5 . In the older cohort, about half of the communitylevel estimated variance is explained when we introduce latitude and longitude splines. In the younger cohort, this share raises to more than 70%. The results are consistent with those found when using the non-parametric method, and they provide some evidence that a spatial di¤usion process is taking place.
To further investigate the role of spatial coordinates, we allowed the municipality-level variability to be continuously varying across birth cohorts, using a linear spline to represent the standard deviation as it varies across cohorts (we used year and month of birth, and knots are put every …fth year). The results of this analysis are shown in Figure 11 .
FIGURE 11 AROUND HERE
Similarly to table 5, we introduced geographical coordinates subsequently only. The …gure shows a weak, but still interesting evidence of 1) the increasing role of municipalitylevel factors across cohorts, with 2) an increasing part of municipality-level factors which are explained merely by geographical coordinates.
TABLE 5 AROUND HERE 6 Conclusions and discussion
In this paper, we combined the techniques of event history analysis and spatial analysis jointly in order to analyze the age at …rst sexual intercourse in Italy. By starting from FFS survey data linked to the geographical coordinates of the place of residence of respondents during their …rst 15 years of life, we used non-parametric methods to draw maps capturing this phenomenon in Italy. Subsequently, we used discrete-time event history models, including geographical coordinates as a municipality-level covariate. In our view, the simple use of geographical co-ordinates as area-level covariates, which is easily applicable to other studies with the use of standard software allowing for multilevel statistical models, is the major innovation of this paper. This approach also allows to build maps of relative odds of experiencing a certain event. Finally, we carried out an analysis of cohort dynamics, mainly in order to explore the presence of spatial di¤usion processes. Our proposals joining two important and so far rather separated streams of research, and we believe this is their main strength and novelty.
Concluding this paper, we would also like to stress the limitations of the proposed approach and of the analysis we were able to carry out. Given the limitations of our data, we did not fully exploit the possibilities of the proposed approach. In particular, individuals were attached to one municipality only, while the place of residence is clearly a timevarying covariate during the life course, especially if one looks at young adults. In general,
we did not exploit the possibility of using time-varying covariates. Such opportunities should be exploited in future research e¤orts following the approach we propose.
From the technical side, the normality assumptions underlying the distribution of unobserved heterogeneity may be overcome by other, less stringent, assumptions. We followed a standard approach because we wanted to emphasize other aspects and we could not enter into the debate on assumptions concerning the distribution of unobserved characteristics. Another point, connected to the improved exploitation of geographical information systems, is the use of geographical coordinates. If micro-level data allow for that, …ner references (e.g. for large cities) can be used in future research, and this will allow for more precision in the de…nition of a decision-relevant context.
From the behavioural side, it is clear that this approach to analysis cannot be a means to an end. Explaining geographical variation is the next task. Maps and pro…le materials provide a subject for subsequent research, both on the theoretical and on the empirical 
